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1. General Information  
All initial aryl and alkyl acetylenes were purchased from Aldrich, and dried to remove rests of 
moisture and air. Liquid acetylenes 1a, 1b, 2a, 2b, and 2d-2g were vigorously stirred overnight above 
CaH2 under nitrogen and transferred in vacuum using standard vacuum line techniques. Solid 
acetylene 2c was dried in vacuum of ~ 0.3 Torr for about for ~7 hours. All reactions were carried out 
under dry nitrogen in a glovebox. Benzene-d6 was dried with sodium/potassium alloy and distilled 
before use using a vacuum line. Pentane was dried by percolation over columns of aluminum oxide, 
BASF R3-11 supported Cu oxygen scavenger, and molecular sieves (4Å). NMR tests with air- and 
moisture-sensitive mixtures are performed in NMR tubes equipped with J. Young valve. NMR 
experiments were carried out using Varian Inova 400 MHz or 500 MHz NMR spectrometers.  Solvent 
(C6D6) reference: 7.16 ppm for 
1






2. DFT calculations 
 Details of the DFT calculations. The DFT geometry and transition state optimizations were 
carried out with the Turbomole program
[S2a,b] 
coupled to the PQS Baker optimizer,
[S3]
 via the BOpt 
package,
[S4]
 at the spin unrestricted DFT level, using the BP86
[S5]
 functional, the resolution-of-identity 
(ri) approximation
[S6]
 and the def-TZVP basis set.
[S2c,f]







) were employed throughout, and a larger grid size than the 
standard m3 grid was employed (m5 grid for all species invoked in catalytic cycle with substrate 2b, 
Ar = Ph, and grid size m4 for all species invoked in catalytic cycle with substrate 2f, Ar = o-Tolyl).   
All minima (no imaginary frequencies) and transition states (one imaginary frequency) were 
characterized by numerically calculating the Hessian matrix. ZPE and gas-phase thermal corrections 
(entropy and enthalpy, 298 K, 1 bar) from these analyses were calculated. The nature of the transition 
states was confirmed by IRC calculations. Mayer bond orders
[S7]
 were calculated from the Turbomole 




2a. FMO analysis of the acetylenes 1a and 1b.  
 The frontier molecular orbitals of the acetylenes 1a and 1b were analyzed, and a 
representation of their shape and relative energies is shown in Figure S1. From this analysis it is clear 
that the electron withdrawing nitrogen atom lowers the energy of the CC * antibonding orbital 
(LUMO). This makes 1b a better -accepting ligand than 1a, whereby it is better suited to stabilize the 
SOMO of species B and TS1 by metal-to-ligand -back donation (see also Figure 3 main text).       
 
Figure S1. Frontier molecular orbitals of the acetylenes 1a and 1b.  
 S3 
2b. Analysis of spin densities, bond lengths and bond orders in species B and TS1. 
 
 
Figure S2. Spin density plots of TS1 with substrate 1a (left) and substrate 1b (right). 
 
Table S1. Mulliken spin densities distribution (selected atoms) in species B and TS1. 
  -coordinated acetylene   Acetylide ligand  Ti 
  CH C{CH2XMe2} CH2XMe2  CCPh CCPh  
B (1a; X = CH)  1% 17%  16% 15% 20% 73% 
B (1b; X = N)  4% 14% 4% 22% 14% 20% 70% 
TS1 (1a; X = CH)  2% 12% 0% 10% 15% 29% 59% 
TS1 (1b; X = N)  2% 11% 3% 12% 14% 27% 64% 
 
 
Table S2. Selected bond distances and Mayer bond orders in species B and TS1. 
  Bond distances (Å)  Mayer bond orders 
   TiCH TiC{CH2XMe2} HCC{CH2XMe2} TiCH TiC{CH2XMe2} HCC{CH2XMe2} 
1a (X = CH)  - - 1.213 - - 2.760 
1b (X = N)  - - 1.213 - - 2.893 
B (1a; X = CH)  2.280 2.560 1.248 0.420 0.661 2.012 
B (1b; X = N)  2.276 2.481 1.252 0.428 0.715 2.122 
TS1 (1a; X = CH)  2.159 2.461 1.277 0.553 0.739 1.779 





2c. DFT optimization of the catalytic intermediates. 
The mechanism is presented in Scheme 2 of the main text. A more detailed evaluation of the DFT 
optimized minima and transition state (free)energies is presented in Figures S3-S8.  
 
 
Figure S3. Computed free energies (298K, gas phase) for the alkyne insertion half-cycle. 
 
Figure S4. Computed free energies (298K, gas phase) for the metathesis half-cycle. 
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2. Catalytic Test Procedures 
Solution of aromatic acetylene 2 (0.15 mmol, 1 eq.) and aliphatic acetylene 1 (13.6 mg 1a, 13.7 mg 
1b; 0.165 mmol, 1.1 eq) in anhydrous oxygen-free benzene-d6 (0.45 ml) was gently shaken for 5 min 
under an atmosphere of N2. (The small excess of the aliphatic acetylene is used to exclude errors 
caused by an evaporation of some amounts of volatile aliphatic acetylenes 1a and 1b in the course of 
the preparation of the solutions). Then the solution of the Ti(III)-catalyst C [2,4 mg, 7.5 µmol, 5 mol 
% (reaction with 1a); 1 mg, 3 µmol, 2 mol% (reaction with 1b)] in anhydrous oxygen-free benzene-d6 
(0.15 ml) was added dropwise with stirring. The 
1
H NMR spectrum (proton relaxation time of 30 sec) 
of the reaction mixture was taken in about 1 hour. It is important to control that all the aromatic 
acetylene has reacted. The selectivity was determined using the next formula: 
            
            
                                             
 
            
                              
 
where: 
 Icross-dimer is the integral intensity of =CH2 protons in 
1
H NMR spectrum of the enyne formed by 
cross-dimerization of aromatic and aliphatic acetylenes (compound 4, Scheme 1); 
Iaromatic dimer is the integral intensity of =CH2 protons in 
1
H NMR spectrum of the enyne formed by 
homo-dimerization of aromatic acetylenes (compound 5, Scheme 1). 
Ialiphatic dimer is the integral intensity of =CH2 protons in 
1
H NMR spectrum of the enyne formed by 
homo-dimerization of aliphatic acetylenes (compound 6, Scheme 1). 
Ialiphatic dimer = Iaromatic dimer after the complete reaction of all acetylenes in the reaction mixture (after 
correction on the tiny excess of aliphatic acetylenes) The use of expression 2×Iaromatic dimer instead of 
Ialiphatic dimer+ Iaromatic dimer is more convenient since it is not necessary to wait till very slow dimerization 
of residual aliphatic acetylenes will be completed. This also helps avoiding problems in cases when 
the catalyst is deactivated before the complete dimerization of the residual aliphatic acetylene. 
  
3. Synthesis of 1,3-enynes: 
4a. General synthetic procedures 
 
Solution of (het)arylacetylene 2a-2g (1.00 mmol) and 4-methylpent-1-yne 1a (90 mg, 1.10 mmol) was 
stirred for 15 min under an atmosphere of N2 in anhydrous oxygen-free pentane (1.4 ml [2.2 ml in the 
case of arylacetylene 2c]). Then the solution of the catalyst 3 (15.9 mg, 50 µmol) in anhydrous 
oxygen-free pentane (0.6 ml) was added dropwise with stirring. The gentle warming up of the reaction 
mixture was observed. After ~20h of stirring at room temperature, the reaction mixture was quenched 
with a drop of water followed by stirring for 20 min. Then the reaction mixture was kept in the fridge 
overnight and, after, filtered through a cotton wool. The resulting solution was diluted with 20 ml of 
pentane and filtered through a tube filled with alumina (length = 3cm, d = 0.5 cm). The tube was 









vacuum of 0.2-0.5 mTorr for 0.2-4 hours with stirring at room temperature (to remove the head-to-tail 
dimer of 4-methylpent-1-yne 1a) to give products 4aa-4ga as transparent oils.  
 
Solution of (het)arylacetylene 2a-2g (1.58 mmol) and N,N-dimethylpropargylamine 1b (138 mg, 1.66 
mmol) was stirred for 15 min under an atmosphere of N2 in anhydrous oxygen-free pentane (1.4 ml 
[2.2 ml in the case of arylacetylene 2c]). Then the solution of the catalyst 3 (5 mg, 15.8 µmol) in 
anhydrous oxygen-free pentane (0.6 ml) was added dropwise with stirring. The gentle boiling of the 
reaction mixture was observed. After ~1h of stirring at room temperature, the reaction mixture was 
quenched with a drop of water followed by stirring for 20 min. Then the reaction mixture was diluted 
with 10 ml of pentane and filtered through a glass tube filled with silica gel (length = 2 cm, d = 0.5 
cm). The silica gel was washed with pentane and, then, with dichloromethane. The resulting solution 
was concentrated and dried in vacuum, yielding products 4ab-4gb as transparent oils. 
4b. Characterization of the products 
 
3-(5-Methyl-3-methylidenehex-1-yn-1-yl)thiophene (4aa). Transparent slightly 
yellowish oil. Yield: 46 mg (0.24 mmol, 24 %). 
1
H NMR (400 MHz, benzene-
d6)  7.09 (1H, dd, J1= 1.2 Hz, J2= 3.0 Hz), 6.96 (1H, dd, J1= 1.2 Hz, J2= 5.0 
Hz), 6.63 (1H, dd, J1= 3.0 Hz, J2= 5.0 Hz), 5.50 (1H, d, J = 2.1 Hz), 5.12 (1H, 
m), 2.15 – 2.02 (3H, m), 0.92 (6H, d, J = 6.3 Hz); 13C NMR (126 MHz, 
benzene-d6) δ 131.5, 130.1, 128.7, 125.5, 123.0, 122.3, 90.0, 85.1, 47.0, 27.3, 22.3; IR (KBr, cm
-1
) 
2955 (s), 2925 (m), 2899 (m), 2869 (m), 1606 (m), 1464 (m), 1384 (m), 1366 (m), 1357 (m), 899 (m), 
871 (m), 840 (m), 779 (s), 625 (m); Elem. anal. calcd for C12H14S: 75.74 (%C), 7.42 (%H), 0.00 (%N), 




Transparent slightly yellowish oil. Yield: 270 mg (1.41 mmol, 90 %). 
1
H NMR 
(400 MHz, benzene-d6)  7.13 (1H, dd, J1= 1.2 Hz, J2= 2.8 Hz), 6.98 (1H, dd, 
J1= 1.2 Hz, J2= 5.0 Hz), 6.63 (1H, dd, J1= 2.8 Hz, J2= 5.0 Hz), 5.60 (1H, m.), 
5.44 (1H, m.), 2.95 (2H, s.), 2.13 (6H, s.); 
13
C NMR (101 MHz, benzene-d6)  
130.1, 130.0, 128.9, 125.5, 123.0, 122.9, 89.7, 85.3, 65.1, 45.2; IR (KBr, cm
-1
) 2944 (m), 2818 (m), 
2771 (m), 1608 (m), 1456 (m), 1355 (m), 1039 (m), 908 (m), 855 (m), 781 (s), 626 (m); Elem. anal. 
calcd for C11H13NS: 69.07 (%C), 6.85 (%H), 7.32 (%N), 16,76 (%S); found: 68.78 (%C), 6.67 (%H), 
7.67 (%N), 17,17 (%S). 
 
 
(5-Methyl-3-methylidenehex-1-yn-1-yl)benzene (4ba). Transparent colorless 
oil. Yield: 83 mg (0.45 mmol, 45 %). 
1
H NMR (400 MHz, benzene-d6)  7.45 
– 7.40 (2H, m), 6.99 – 6.91 (3H, m), 5.51 (1H, dt, J1 = 2.2 Hz, J2 = 0.5 Hz), 
5.14 – 5.12 (1H, m), 2.16 – 2.03 (3H, m), 0.93 (6H, d, J = 6.6 Hz); 13C NMR 
















47.0, 27.3, 22.4; IR (KBr, cm
-1
) 2956 (s), 2926 (m), 2869 (m), 1609 (m), 1490 (m), 900 (m), 755 (s), 
690 (s); Elem. anal. calcd for C14H16: 91.25 (%C), 8.75 (%H), 0.00 (%N); found: 91.23 (%C), 8.79 
(%H), <0.01 (%N). 
 
 
N,N-Dimethyl-2-methylidene-4-phenylbut-3-yn-1-amine (4bb). Transparent 
colorless oil. Yield: 282 mg (1.52 mmol, 97 %). 
1
H NMR (500 MHz, benzene-
d6)  7.46 (2H, m.), 6.94 (3H, m.), 5.62 (1H, m.), 5.46 (1H, m.), 2.97 (2H, s.), 
2.14 (6H, s.); 
13
C NMR (126 MHz, benzene-d6)  132.0, 130.0, 128.6, 128.3, 
124.0, 123.0, 90.3, 90.1, 65.1, 45.2; IR (KBr, cm
-1
) 2975 (m), 2944 (m), 2858 (m), 2818 (s), 2771 (s), 
1611 (m), 1490 (m), 1465 (m), 1455 (m), 1443 (m), 1268 (m), 1040 (s), 910 (m), 853 (m), 756 (s), 691 





Transparent slightly yellowish oil that solidifies. Mp = 22 -24 ºC; Yield: 
145 mg (0.64 mmol, 64 %). 
1
H NMR (400 MHz, benzene-d6)  7.52 (2H, 
dt, J1= 9.2 Hz, J2= 2.6 Hz), 6.35 (2H, dt, J1= 8.8 Hz, J2= 2.4 Hz), 5.56 
(1H, d., J = 2.4 Hz), 5.15 (1H, q, J = 1.2 Hz), 2.35 (6H, s), 2.21 (1H, m), 
2.14 (2H, d, J = 7.2 Hz), 0.97 (6H, d., J = 6.4 Hz); 
13
C NMR (101 MHz, 
benzene-d6):  150.2, 133.2, 132.2, 120.7 (120.78, 120.75, 120.68, 120.65), 112.2, 111.1, 91.4, 88.7, 
47.4, 39.6 (39.67, 39.64), 27.3, 22.4; IR (KBr, cm
-1
) 2954 (m), 2924 (m) 2897 (m), 2868 (m), 2198 
(m), 1611 (s), 1599 (s), 1521 (s), 1445 (m), 1361 (s), 1226 (m), 1181 (m), 1166 (m), 948 (m), 889 (m), 
816 (s); Elem. anal. calcd for C16H21N: 84.53 (%C), 9.31 (%H), 6.16 (%N); found: 84.80 (%C), 9.38 




(4cb). Transparent slightly yellowish oil that solidifies. Mp = 26 - 28 ºC; 
Yield: 353 mg (1.55 mmol, 98 %). 
1
H NMR (400 MHz, benzene-d6)  
7.53 (2H, dm, J = 9.0 Hz), 6.33 (2H, dm, J = 9.0 Hz), 5.66 (1H, m), 5.49 
(1H, m), 3.06 (2H, s), 2.34 (6H, s), 2.18 (6H, s); 
13
C NMR (101 MHz, 
benzene-d6)  150.2, 133.2, 130.7, 121.2, 112.2, 111.1, 91.6, 88.4, 65.4, 
45.4, 39.7; IR (KBr, cm
-1
) 2974 (m), 2942 (m), 2916 (m), 2858 (m), 2815 (m), 2767 (m), 2204 (m), 
2181 (m), 1604 (s), 1521 (s), 1454 (m), 1446 (m), 1361 (s), 1183 (m), 1166 (m), 1143 (m), 1039 (m), 
945 (m), 853 (m), 817 (s); Elem. anal. calcd for C15H20N2: 78.90 (%C), 8.83 (%H), 12.27 (%N); 




Yield: 115 mg (0.42 mmol, 42 %).  
1
H NMR (400 MHz, benzene-d6)  
7.31 (2H, dm, J = 9.0 Hz), 7.01 (2H, tm, J = 8.0 Hz), 6.89 – 6.82 (3H, 
m), 6.74 (2H, dm, J = 8.8 Hz), 5.52 (1H, d, J = 2.0 Hz), 5.13 (1H, dt, J1 = 
2.2 Hz, J2 = 1.0 Hz), 2.18 – 2.01 (3H, m), 0.94 (6H, d, J = 6.3 Hz); 
13
C 
NMR (101 MHz, benzene-d6):  158.0, 157.1, 133.6, 131.6, 130.1, 123.9, 122.2, 119.7, 118.8, 118.6, 
90.0, 89.6, 47.1, 27.3, 22.4; IR (KBr, cm
-1
) 2955 (m), 2927 (m), 1588 (s), 1503 (s), 1491 (s), 1488 (s), 
1466 (m), 1276 (m), 1247 (s), 1234 (s), 1165 (m), 872 (m), 837 (m), 752 (m), 693 (m); Elem. anal. 














(4db). Yield: 408 mg (1.47 mmol, 93 %). 
1
H NMR (400 MHz, benzene-
d6)  7.34 (2H, dm, J = 9.0 Hz), 7.04 – 6.98 (2H, m), 6.87 – 6.82 (3H, 
m), 6.72 (2H, dm, J = 9.0 Hz), 5.62 (1H, dt, J1 = 2.2 Hz, J2 = 0.9 Hz), 
5.47 (1H, dt, J1 = 2.2 Hz, J2 = 1.5 Hz), 2.99 (2H, s), 2.15 (6H, s); 
13
C 
NMR (101 MHz, benzene-d6):  158.0, 157.0, 133.7, 130.1, 123.9, 122.7, 119.7, 118.8, 118.6, 89.73, 
89.67, 65.1, 45.2; IR (KBr, cm
-1
) 2818 (m), 2771 (m), 1588 (s), 1504 (s), 1489 (s), 1456 (m), 1275 
(m), 1240 (s), 1165 (m), 1040 (m), 866 (m), 851 (m), 838 (m), 754 (m), 693 (m); Elem. anal. calcd for 
C19H19NO: 82.28 (%C), 6.90 (%H), 5.05 (%N); found: 82.12 (%C), 6.86 (%H), 4.72 (%N). 
 
 
1-(5-methyl-3-methylidenehex-1-yn-1-yl)naphthalene (4ea). Transparent 
slightly yellowish oil.  Yield: 225 mg (0.96 mmol, 96 %). 
1
H NMR (400 
MHz, benzene-d6)  8.63 (1H, dm, J = 8.4 Hz), 7.64 (1H, dd, J1 = 7.2 Hz, J2 
= 1.1 Hz), 7.55 (1H, dm, J = 8.3 Hz), 7.48 (1H, d, J = 8.4 Hz), 7.35 (1H, 
ddd, J1 = 8.3 Hz, J2 = 6.8 Hz, J3 = 1.3 Hz),  7.22 (1H, ddd, J1 = 8.1 Hz, J2 = 
6.9 Hz, J3 = 1.2 Hz), 7.06 (1H, dd, J1 = 8.2 Hz, J2 = 7.2 Hz), 5.59 (1H, dt, J1 = 2.1 Hz, J2 = 0.5 Hz), 
5.18 (1H, dt, J1 = 2.1 Hz, J2 = 1.1 Hz), 2.17 (1H, m), 2.13 (2H, d, J = 6.7 Hz), 0.96 (6H, d, J = 6.4 Hz); 
13
C NMR (101 MHz, benzene-d6):  133.9, 133.8, 131.6, 130.8, 129.0, 128.7, 127.1, 126.7, 126.6, 
125.5, 122.6, 121.6, 95.5, 88.1, 47.1, 27.5, 22.4; IR (KBr, cm
-1
) 3058 (m), 2955 (s), 2925 (m), 2897 
(m), 2869 (m), 1607 (m), 1464 (m), 1399 (m), 1384 (m), 900 (m), 799 (s), 772 (s), 565 (m); Elem. 





Transparent slightly yellowish oil. Yield: 367 mg (1.56 mmol, 98 %). 
1
H 
NMR (400 MHz, benzene-d6)  8.78 (1H, dq, J1 = 8.2 Hz, J2 = 1.0 Hz), 7.66 
(1H, dd, J1 = 7.2 Hz, J2 = 1.2 Hz), 7.56 (1H, dt, J1 = 8.4 Hz, J2 = 0.4 Hz), 
7.47 (1H, d, J = 8.4 Hz), 7.39 (1H, ddd, J1 = 8.3 Hz, J2 = 6.9 Hz, J3 = 1.3 
Hz),  7.24 (1H, ddd, J1 = 8.2 Hz, J2 = 7.0 Hz, J3 = 1.2 Hz), 7.05 (1H, dd, J1 = 8.4 Hz, J2 = 7.2 Hz), 5.67 
(1H, m), 5.48 (1H, m), 3.03 (2H, s), 2.19 (6H, s); 
13
C NMR (50 MHz, benzene-d6): 134.1, 133.8, 
130.6, 130.3, 129.0, 127.1, 126.9, 126.7, 125.5, 122.8, 121.7, 95.2, 88.5, 65.2, 45.3; IR (KBr, cm
-1
) 
3058 (m), 2974 (m), 2943 (m), 2857 (m), 2817 (m), 2770 (s), 1608 (m), 1508 (m), 1464 (m), 1455 
(m), 1442 (m), 1400 (m), 1311 (m), 1269 (m), 1177 (m), 1144 (m), 1038 (s), 907 (m), 855 (m), 799 
(s), 773 (s), 567 (m); Elem. anal. calcd for C17H17N: 86.77 (%C), 7.28 (%H), 5.95 (%N); found: 86.57 
(%C), 7.28 (%H), 5.76 (%N). 
 
 
1-methyl-2-(5-methyl-3-methylidenehex-1-yn-1-yl)benzene (4fa). Transparent 
colorless oil. Yield: 190 mg (0.96 mmol, 96 %). 
1
H NMR (400 MHz, benzene-
d6)  7.46 (1H, dd, J = 7.7 Hz, J2 = 0.6 Hz), 6.99-6.86 (3H, m.), 5.50 (1H, dt, J1 
= 2.2 Hz, J2 = 0.5 Hz), 5.13 (1H, m), 2.38 (3H, s), 2.11 (1H, m), 2.07 (2H, d, J 
= 6.4 Hz), 0.93 (6H, d, J = 6.4 Hz); 
13
C NMR (101 MHz, benzene-d6)  140.3, 
132.3 (132.31, 132.26), 131.7, 129.8, 128.5, 126.0, 123.8, 122.0,  94.5, 88.9, 47.1, 27.4, 22.4, 20.8; IR 
(KBr, cm
-1
) 2956 (s), 2925 (m), 2869 (m), 1608 (m), 1486 (m), 1464 (m) 1459 (m), 899 (m), 756 (s); 














Transparent colorless oil. Yield: 310 mg (1.56 mmol, 98 %). 
1
H NMR (400 
MHz, benzene-d6)  7.49 (1H, d., J = 7.6 Hz), 6.98-6.92 (2H, m.), 6.88 (1H, 
m), 5.60 (1H, m.), 5.45 (1H, m.), 2.98 (2H, s.), 2.43 (3H, s.), 2.15 (6H, s.); 
13
C 
NMR (101 MHz, benzene-d6)  140.5, 132.2 (132.26, 132.23), 130.3, 129.7, 
128.5, 125.9, 123.8, 122.4 (122.42, 122.40, 122.38, 122.35), 94.2, 89.2, 65.2 (65.22, 65.17, 65.14), 
45.2, 20.8 (20.85, 20.82, 20.80, 20.77); IR (KBr, cm
-1
) 2975(m), 2944(m), 2817 (m), 2770(s), 
1485(m), 1456(s), 1042(s), 906(m), 853(m), 756 (s); Elem. anal. calcd for C14H17N: 84.37 (%C), 8.60 
(%H), 7.03 (%N); found: 84.39 (%C), 8.66 (%H), 6.87 (%N). 
 
 
1-methoxy-2-(5-methyl-3-methylidenehex-1-yn-1-yl)benzene (4ga).  
Transparent slightly greenish oil. Yield: 184 mg (0.86 mmol, 86 %). 
1
H NMR 
(400 MHz, benzene-d6)  7.47 (1H, dd, J1= 7.6 Hz, J2= 1.7 Hz), 6.96 (1H, ddd, 
J1 = 8.4 Hz, J2 = 7.5 Hz, J3 = 1.8 Hz), 6.67 (1H, td, J1 = 7.5 Hz, J2 = 1.1 Hz), 
6.40 (1H, dd, J1 = 8.4 Hz, J2 = 0.7 Hz), 5.55 (1H, dt, J1 = 2.2 Hz, J2 = 0.5 Hz), 
5.13 (1H, m), 3.27 (3H, s), 2.21 (1H, m), 2.11 (2H, dm, J1 = 7.0 Hz, J2 = 0.5 Hz,), 0.95 (6H, d, J = 6.4 
Hz); 
13
C NMR (101 MHz, benzene-d6) δ 160.6, 133.8 (133.82, 133.77), 132.0, 129.7, 121.8 (121.89, 
121.86, 121.80, 121.77), 120.6, 113.6, 110.9 (110.98, 110.95, 110.93), 94.6, 86.7, 55.2 (55.19, 55.18), 
47.2, 27.3, 22.4; IR (KBr, cm
-1
) 2956 (s), 2928 (m), 2869 (m), 2205 (w), 1594 (m), 1493 (s), 1464 (s), 
1435 (m), 1290 (m), 1276 (s), 1251 (s), 1116 (m), 1048 (m), 1026 (m), 900 (m), 751 (s); Elem. anal. 
calcd for C15H18O: 84.07 (%C), 8.47 (%H), 0.00 (%N); found: 84.43 (%C), 8.48 (%H), <0.01 (%N). 
 
 N,N-Dimethyl-2-methylidene-4-(2-methoxylphenyl)but-3-yn-1-amine (4gb). 
Transparent slightly greenish oil. Yield: 330 mg (1.53 mmol, 97 %). 
1
H NMR 
(400 MHz, benzene-d6)  7.49 (1H, dd, J1= 7.6 Hz, J2= 1.6 Hz), 6.96 (1H, ddd, 
J1 = 8.4 Hz, J2 = 7.5 Hz, J3 = 1.6 Hz), 6.66 (1H, td, J1 = 7.5 Hz, J2 = 1.1 Hz), 
6.42 (1H, d, J = 8.4 Hz), 5.67 (1H, m), 5.49 (1H, m), 3.29 (3H, s), 3.03 (2H, s), 
2.15 (6H, s); 
13
C NMR (101 MHz, benzene-d6) δ 160.6, 134.0, 130.2, 129.7, 122.4, 120.6, 113.5, 
111.0, 94.3, 86.8, 65.0, 55.2, 45.2; IR (KBr, cm
-1
) 2943 (m), 2818 (m), 2771 (m), 1594 (m), 1493 (s), 
1464 (s), 1457 (s), 1435 (m), 1276 (s), 1248 (s), 1114 (m), 1047 (m), 1026 (m), 752 (s); Elem. anal. 






























H NMR illustration of the increase of the selectivity of cross-dimerization: spectra of 
reactions of acetylenes 1a (1) and 1b (2) with 2a in C6D6. 
 
 




































































5. Kinetic study 
In a detailed kinetic study we compared the reactivity of the substrates 1a and 1b in their selective 
(99% or higher) cross-dimerization with the bulky o-tolylacetylene substrate 2f (Figure S10). The 
data first of all confirm the qualitative observations (as described in the main text) in showing that 
1b is more reactive than 1a. Increasing the concentration of either 1a or 1b decreases the reaction 
rate, presumably due to competitive deactivation (see below). Interestingly, the rate limiting step 
of the catalytic cycle is different in the reaction of 1a with 2f than in the reaction of 1b with 2f. 
The reaction rate of 2f with 1a is limited by the insertion half-cycle A-B-C-D (see Scheme 2 main 
text), and hence higher concentration of 2f have no influence on the reaction rate. Substrate 1b 
accelerates the insertion half-cycle A-B-C-D to such an extent that the -bond 
metathesis/protonation half-cycle D-E-A becomes rate limiting. This is evidenced by the fact that 
higher reaction rates are observed at higher concentration of 2f. The change between the rate 
limiting steps in the catalytic cycle is confirmed by the DFT calculations (main text Table 2; 
columns 2f-1a and 2f-1b). Fitting of the kinetic data of the reaction between the acetylenes 2f and 




 (overall constant for the process 









, k-deact = 0.0282 min
1
 (see below for more details).  
 
 
Figure S10. Kinetic data of the catalyzed reaction between 2f and 1b based on 
1
H NMR 
experiments (25 ºC, C6D6). The symbols present the experimental data, the curves are fits of the 
kinetic data. 
 
Since the cross-dimerization of bulky aromatic acetylenes with both model aliphatic 
acetylenes are highly selective, the reactions of o-tolylacetylene 2f (Table 1 main text, entries 11 
and 12) were chosen for the kinetic studies. The kinetic experiments were carried out in C6D6 at 25 
ºC using 
1
H NMR spectroscopy in an NMR tube equipped with J. Young valve (the reaction was 
controlled every 2.5 or 5 minutes starting from 10 minutes after the addition of the C6D6 solution 
of the catalyst to the mixture of the aromatic and aliphatic acetylenic substrates in C6D6). The 
increase of the integral intensity of the ‘CH2=’ 
1
H NMR signals of products 4fa and 4fb versus 















[ ] = 0.4 M; 1b [ ] = 0.4 M; [ ] = 4 mM;2f 3
[ ] = 0.4 M; 1b [ ] = 0.8 M; [ ] = 4 mM;2f 3
[ ] = 0.4 M; 1b [ ] = 0.4 M; [ ] = 5 mM;2f 3
[ ] = 0.8 M; 1b [ ] = 0.4 M; [ ] = 4 mM;2f 3
0
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H NMR kinetic data of the Ti(III)-catalyzed cross-dimerization reaction of reference 






2f 1b 4fb Ti-catalyst
C6D6
3




























 [2f]=0.4M, [1b]=0.4M, [Ti-cat]=2mM
 [2f]=0.4M, [1b]=0.4M, [Ti-cat]=3mM
 [2f]=0.4M, [1b]=0.4M, [Ti-cat]=4mM
 [2f]=0.4M, [1b]=0.4M, [Ti-cat]=5mM
 [2f]=0.4M, [1b]=0.8M, [Ti-cat]=3mM
 [2f]=0.4M, [1b]=0.8M, [Ti-cat]=4mM
 [2f]=0.8M, [1b]=0.4M, [Ti-cat]=2mM







H NMR titration data of the Ti(III)-catalyzed cross-dimerization reaction of reference 
aromatic acetylene 2f with aliphatic acetylene 1a. 
 
In the reaction of o-tolylacetylene 2f with N-acetylene 1b (Table 1 main text, entry 12), the 
limiting step is D-E-A, what results in the increase of the reaction rate as response to the increase of 
the concentration of the aromatic acetylene (Fig. 2). However, the limiting step is changed in the 
reaction with less reactive alkyne 1a (Table 1 main text, entry 11) to the A-B-C-D sequence, since no 
increase in the reaction rate results from the increasing of the concentration of aromatic acetylene 2f. 
Notoriously, the increase of the concentration of aliphatic acetylene causes the catalytic process to 
slow down. It can be explained by the deactivation, which decreases the concentration of active 





2f 1a 4fa Ti-catalyst
C6D6
3

















 [2f]=0.4M, [1a]=0.4M, [Ti-cat]=4mM
 [2f]=0.4M, [1a]=0.4M, [Ti-cat]=6mM
 [2f]=0.4M, [1a]=0.4M, [Ti-cat]=8mM
 [2f]=0.4M, [1a]=0.4M, [Ti-cat]=10mM
 [2f]=0.4M, [1a]=0.8M, [Ti-cat]=8mM
 [2f]=0.8M, [1a]=0.4M, [Ti-cat]=8mM
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6b. The ‘graphical rate equation’ presentation of the kinetic results. 
Experimental 
1
H NMR titration data were fitted with an appropriate function using Origin 
software (exponential functions, ExpDec1 or ExpDec2). The resulting data were used to find the 
reaction rate (dc/dt, the change of concentration vs time), TON and TOF of the catalytic reaction. The 




A. Cross-dimerization of aromatic acetylene with N-containing aliphatic acetylene 
 
 
 Figure S12. Variation of the concentrations of Ti-catalyst 
 The TOF is the same when the concentration of the catalyst is 5mM and 4mM, 
indicating that at these concentration the deactivation can be negligible. Decrease of the TOF 






2f 1b 4fb Ti-catalyst
C6D6
3





















 [2f]=0.4M, [1b]=0.4M, [Ti-cat]=2mM
 [2f]=0.4M, [1b]=0.4M, [Ti-cat]=3mM
 [2f]=0.4M, [1b]=0.4M, [Ti-cat]=4mM
 [2f]=0.4M, [1b]=0.4M, [Ti-cat]=5mM
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Figure S13. Variation of the concentrations of aromatic acetylene 2f 
 
Figure S14. Variation of the concentrations of N-containing aliphatic acetylene 1b 
  



















 [2f]=0.4M, [1b]=0.4M, [Ti-cat]=2mM
 [2f]=0.4M, [1b]=0.4M, [Ti-cat]=4mM
 [2f]=0.8M, [1b]=0.4M, [Ti-cat]=2mM
 [2f]=0.8M, [1b]=0.4M, [Ti-cat]=4mM






















 [2f]=0.4M, [1b]=0.4M, [Ti-cat]=3mM
 [2f]=0.4M, [1b]=0.4M, [Ti-cat]=4mM
 [2f]=0.4M, [1b]=0.8M, [Ti-cat]=3mM
 [2f]=0.4M, [1b]=0.8M, [Ti-cat]=4mM
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B. Cross-dimerization of aromatic acetylene with N-free aliphatic acetylene 
 
 
Figure S15. Variation of the concentrations of the Ti-catalyst. 
 Decrease of the TOF at the lower concentrations of the Ti-catalyst (8 mM, 6 mM and 
4 mM) in comparison with the highest catalyst concentration (10 mM) is the clear indication 
of the catalyst deactivation. 
 
Figure S16. Variation of the concentrations of substrates 2f and 1a 
Ti+
Ti-catalyst
2f 1a 4fa Ti-catalyst
C6D6
3


















 [2f]=0.4M, [1a]=0.4M, [Ti-cat]=10mM
 [2f]=0.4M, [1a]=0.4M, [Ti-cat]=8mM
 [2f]=0.4M, [1a]=0.4M, [Ti-cat]=6mM
 [2f]=0.4M, [1a]=0.4M, [Ti-cat]=4mM










[Minor Substrate 1a or 2f] (mol)
 [2f]=0.4M, [1a]=0.4M, [Ti-cat]=8mM
 [2f]=0.8M, [1a]=0.4M, [Ti-cat]=8mM
 [2f]=0.4M, [1a]=0.8M, [Ti-cat]=8mM
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6c. Fitting of kinetic data. 
The explicit rate constants for the elementary catalytic steps of the reaction between aromatic 





In four catalytic experiments chosen for the fitting the concentrations of all the components 
are varied to see the influence of every component on the overal reaction rate (initial concentrations 
[1b] = 0.4 M and 0.8 M, [2f] = 0.4 M and 0.8 M, [3] = 4 mM and 5mM). The fastest examples are 
selected (actual completion of the reaction is within 3 hours), assuming that the catalyst deactivation 
can be neglected in these cases. The kinetic model considerds elementary catalytic steps described in 
Scheme S1 and is based on the Equations S1. 
 
 
Scheme S1. Ti(III)-catalyzed cross-dimerization of acetylenes (simplified version of 






























    
  
                             
    
  
                                                                     
                       
  
                                          
          
  
                                                          
       
  
              
            
  
             
Equations S1. Kinetic equations for the description of the mechanizm of the catalytic cross-
dimerization of acetylenes from Scheme 1; [A], [B], [Deactivated catalyst],                   [1,3-
enyne] are the concentrations of the species participating or formed in the course of the catalytic 
process, t is time, k1, k-1, k2, k3, k-3 are the rate constants. 
Rate constants (k1, k-1, k2, k3 and k-3) are varied to reach the best fit between experiemntal and 
calculated values of the concentration of product 4fb versus time (simultaneous fitting to all four 
curves). Initial concentration of the catalytic complex A was taken to be equal to the concentration of 
the precatalyst 3 (the assumption of faster formation of the precatalyst A with respect to the other 
catalytic steps). Initial concentrations of complex B, deactivated catalyst, as well as 1,3-enyne 
(product) are equal to zero. An example of the fit is shown in Figure S10, and below in Figure S17. To 
demonstrate the vital importance of k3 and k-3 (the correaltion for the initial deactivation), the dramatic 
change of theoretical curves from Figure S17 after setting k3 and to k-3 to zero are shown in Figure 




Figure S17. Kinetic data on the catalysed reaction between aromatic acetylene 1f with 
dimethylpropargylamine 2b based on 
1
H NMR experiments ( [2f] = 0.8 M, [1b] = 0.4 M, [3] = 4 
mM, ─ corresponding fitting curve;  [2f] = 0.4 M, [1b] = 0.4 M, [3] = 5 mM, ─ 
corresponding fitting curve;  [2f] = 0.4 M, [1b] = 0.4 M, [3] = 4 mM, ─ corresponding fitting 
curve;  [2f] = 0.4 M, [1b] = 0.8 M, [3] = 4 mM, ─ corresponding fitting curve); Rate 









(reversible) deactivation: Ka = 7.62 M
-1








Figure S18. Demonstration of the dramatic importance of k3 and k-3. The same data as in Figure S16, 
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